however, this proportion was almost 15 percent. This is what it means for a population to become older.
Figure 2 reveals that populations in developed countries-such as the United States, Japan, France, and Germany-are noticeably older than those in developing countries such as China or India. In 2014, the proportion of people 65 and older in the latter group of countries was below 10 percent, while in the former group it was 15 percent or higher. Figure 2 also reveals that all populations in the sample became older, albeit at different paces, since 1960. Of particular interest is the Japanese population, the oldest population in the sample (in 2014). Japan experienced the fastest aging process: In 1960, its share of people 65 and older was less than that of the United States, but in 2014 Japan's share exceeded that of the United States. India, the youngest population in the sample, is also remarkable. Even though its share of people 65 and older increased from less than 5 percent in 1960 to 5 percent in 2014, this increase was small relative to that of the older economies in the sample.
Measuring Wealth Inequality
The question in this article can then be phrased as follows: "How does wealth inequality change when the proportion of older people changes?" How does one measure inequality, though? In this article, I use a Gini index. A simple example can help to illustrate how this approach works. Imagine a world populated by young and old people. Suppose there are as many young people as old people; the proportion of young (and old) is, therefore, 50 percent. Suppose now that young people hold 50 percent of the total wealth and that older people hold the remaining 50 percent. This world features no inequality: The proportion of the total wealth held by any group of individuals is the same as the proportion this group represents in the total population. Panel A of Figure 3 illustrates this scenario. The horizontal axis measures the cumulative proportions of the population, and the vertical axis measures the cumulative proportions of wealth. The distribution of wealth in the economy is represented by the straight line overlapping the 45-degree line.
Suppose, now, that the young still represent 50 percent of the population but hold only 1/3 of the total wealth (Panel B of Figure 3 ). The shaded area in this panel-that is, the difference between the actual distribution and the 45-degree line (which represents perfect equality of asset holdings)-is a measure of wealth inequality. Consider a third case: The young still hold 1/3 of the total wealth (as in Panel B) but they now represent 2/3 of the total population (Panel C). Again, the measure of inequality has changed relative to Panels A and B.
The curves represented in Figure 3 are so-called Lorenz curves. The Gini coefficient is calculated as the ratio between the shaded area and the total area under the 45-degree line. Thus, in Panel A the Gini coefficient is 0, illustrating no inequality. In panel B the Gini coefficient is 0.16. In Panel C it is 0.33. 
This Article
It is important to note that in the data, not all variations in wealth are explained by age. Díaz-Giménez, Glover, and Ríos-Rull (2011) discuss measures of wealth inequality and show substantial inequality both within age groups and across age groups. Thus, here I do not attempt to explain overall wealth inequality. Instead, my goal is to discuss a few fundamental mechanisms that relate wealth inequality to demographic changes. In this spirit, I use a deterministic version of the optimal growth model. The model is augmented with a simple demographic structure of overlapping generations, which permits a sensible discussion of demographic changes. I use this model even though it is known that, in its simple version, it does not yield accurate quantitative predictions for the distribution of wealth. This model, however, is the workhorse of macroeconomics and the forces at work in its simpler version are likely to be at work in more sophisticated versions as well. Thus, the question asked here can be qualified as follows: "How would a change in a population's age composition affect the distribution of wealth, holding constant all other factors that may also affect the wealth distribution?" A related paper by Chatterjee (1994) also uses a version of the optimal growth model to discuss wealth inequality. His focus, however, is on the transitional dynamics of inequality and abstracts from demographic considerations. How does the optimal growth model help to analyze the effect of demographic changes on the distribution of wealth? Suppose, for instance, that a world as in Panel C of Figure 3 exists, where the young represent 2/3 of the total population and hold 1/3 of the total wealth. To assess the effect of an aging population, one could compare Panel C with Panel B, since the only difference between them is the proportion of young people, which decreases from 2/3 in Panel C to 1/3 in Panel B. This approach amounts to using the observed relation between age and asset holdings and combining it with different age compositions of the population to measure the effect of the age composition on wealth inequality. There seems to be no need for a model. This approach may be misleading, however. Young people may no longer hold 1/3 of the total wealth when their proportion in the population changes. One key reason for this is that, as the proportions of the young and the old change, aggregate savings changes as well. The interest rate may increase or decrease, implying different saving behaviors. One needs, therefore, a theory of saving decisions and of the interest rate to reliably analyze the effects of demographic changes. The optimal growth model provides this theory. This point is akin to the well-known Lucas critique (see Lucas, 1976 ).
THE MODEL

Demography
The economy is populated by generations of individuals living for J periods, indexed by j = 1,…,J. The size of the age-j population at time t is denoted by p t j . The laws of motion for p t j are (1) (2) Equation (1) describes the population growth: Each age-1 individual at time t "gives birth" to n children, who become age-1 individuals in the next period. Children are economically inactive and birth is not a choice. Equation (2) describes aging: Each individual becomes one year older every year. Thus, the population of individuals of age j-1 at time t-1 is of age j at time t. Let P t denote the total population at date t:
Technology and Profit Maximization
Aggregate output, Y t , is produced by a representative firm operating a constant returns to scale aggregate technology:
where q ∈ (0,1), z t is labor-augmenting productivity, K t is the aggregate stock of capital, and N t is labor demand. Productivity grows at the constant (gross) rate g : z t+1 /z t = g. Capital depreciates at rate d ∈ (0,1). Note that the assumption of constant returns to scale implies that the number of firms does not matter. That is, the production side of the economy would be strictly identical if there were many small identical firms operating the same constant returns to scale technology.
The objective of the firm is to maximize profit:
where w t is the wage rate and r t is the interest rate prevailing between periods t-1 and t.
Preferences and Individual Optimization
The preferences of an age-1 individual at date t are represented by (5) where b ∈ (0,1) is the subjective discount factor and c j t+j-1 is consumption at age j (date t+j-1). The individual does not value leisure. Thus, labor supply is inelastic and equals 1 each period when the individual works. There is an exogenously given retirement age, R. That is, from age R to J, the labor supply is zero. Let a j t+j-1 denote the assets owned by the individual at the beginning of age j (date t+j-1). At age 1 the individual is endowed with zero assets. That is, a t 1 = 0. The period budget constraint at age j is then (6) where I(j < R) is an indicator function that takes the value 1 whenever j < R and 0 otherwise. The left-hand side of this constraint indicates the expenditures of an age-j individual: consumption and savings. The right-hand side indicates the individual's sources of revenue: labor if he is not retired and revenue from past savings.
Equilibrium
An equilibrium is a sequence of wages and interest rates, {w t ,r t }, together with sequences of capital stock and labor demand for the firm, {K t ,N t }, and sequences of consumption and savings for individuals, {c j t ,a j+1 t+1 }, such that the following conditions are satisfied:
The sequences {K t ,N t } solve the optimization problem of the firm at each date t (equation (4)), given the sequence of wages and interest rates, {w t ,r t }.
(ii) Utility maximization: The sequences {c j t ,a j+1 t+1 } solve the optimization problem of age-1 individuals at each date t; that is, the sequences maximize utility (5) subject to the sequence of budget constraints (6), given the sequence of wages and interest rates, {w t ,r t }.
(iii) Market clearing:
(a) The labor market clears at each date t. That is, the labor demand by the firm, N t , equals the labor supply by working individuals: . So, the labor market clearing condition is (7) (b) The market for savings clears at each date t. That is, the supply of funds by individuals, , equals the demand for capital for the following period, K t+1 . So, the savings market clearing condition is (8)
Note that, since age-J individuals do not save, this equation can also be written as , and since it must hold at any date t, it must hold at t-1:
. Finally, using equation (2) and the assumption that individuals are born without assets, a t 1 = 0, the savings market clearing condition also reads (9) which means that the aggregate stock of capital is held by individuals at the beginning of period t. 
Balanced Growth
The analysis of this economy focuses on its "balanced growth path" -that is, an equilibrium where variables grow at constant (possibly zero) rates. The appendix shows the derivation of the equations characterizing the balanced growth path.
Along the balanced growth path the aggregate stock of capital, K t , and aggregate output, Y t , grow at the (gross) rate gn. The interest rate, r t , is constant and the wage rate, w t , grows at the (gross) rate g. This implies that an individual's labor income grows at rate g over his lifetime. Finally, population, P t , grows at the (gross) rate n.
For future reference, it is useful to note one result derived in the appendix: The share of age-j individuals in the total population is constant over time and denoted by p j ≡ p t j /P t , where (11) and . To understand equation (11), consider the case where n = 1. The equation implies that the population distribution is uniform and that p j = 1/J. That is, the proportion of individuals of all ages is the same. This is because age-1 individuals are "born" at the same rate at which age-J individuals "die." When n increases above 1, age-1 individuals are born at a faster rate than the rate at which age-J individuals die. This implies that the proportion of young individuals increases and that that of old individuals decreases. This is most transparent when J = 2 since, in this case, p 1 = n/(1+n), which is increasing in n, and p 2 = 1/(1+n), which is decreasing in n.
QUANTITATIVE ANALYSIS
Calibration
Let age 1 in the model correspond to age 18 in the data, and let J bench = 63. That is, people live until the equivalent of 80 years of age. Let the retirement age be R bench = 48 (that is, 65 years old in the data). Let p 65+ (n,J) denote the proportion of individuals age 65 and older:
The benchmark population growth rate, n bench , is set at 1.015 so that p 65+ (n bench ,J bench ) = 0.17, which is the proportion of the population age 65 and older in the population of individuals age 18 and older in the U.S. data in 2010. In fact, the U.S. population age 18 and older grew from 209.13 to 234.56 million individuals between 2000 and 2010. This represents an average growth rate of 1.1 percent per year versus 1.5 percent in the model.
The capital share of output q is set at a standard value of q = 1/3. The growth rate of laboraugmenting technological progress, g, is set so that the economy's balanced growth path features 2 percent growth in per capita quantities per year. Hence, g = 1.02. The investment-to- capital ratio is gn + d -1. Following Cooley and Prescott (1995) , I set the rate of depreciation d so that the investment-to-capital ratio equals 7.6 percent; this yields d = 0.04. The period utility index is logarithmic: s = 1. Finally, I set b = 0.97 so that the capital-to-output ratio is 3.3. The equilibrium interest rate implied by this calibration is r = 5 percent per year. This figure compares with a 4 percent rate of return on U.S. Treasury inflation-protected securities of various maturities (see McGrattan and Prescott, 2001) . Table 1 presents the list of calibrated parameters. Figure 4 shows the profile of assets by age (Panel A), the population distribution by age (Panel B), and the Lorenz curve (Panel C) in the balanced growth path of the calibrated economy. Individuals exhibit a typical behavior for this class of models: They accumulate assets until they retire. Then they live off their savings and deplete their assets. This explains the inverted-V pattern of the asset profile. Note that the asset profile implied by the model matches the qualitative pattern exhibited by the empirical profiles in Figure 1 . The calibrated economy features a Gini coefficient of 0.45 for the distribution of assets.
Changes in the Age Composition of the Population
The effect of a change in the age composition of the population depends on the cause of this change. In the context of the model developed here, there are two exogenous variables driving the age composition: the population growth rate, n, and life expectancy, J. This transpires in equation (11).
3.2.1 The Effect of Population Growth. I consider different values for the population growth rate, n, holding life expectancy, J, constant. For each value of n, I compute a balanced growth path. I choose the values of n to exemplify a specific point-namely, that wealth inequality is not monotonic in the age composition of the population.
Panel A of Figure 5 shows the Gini coefficient plotted against the share of individuals age 65 and older implied by the different values of n. The main message is that, as the proportion of individuals age 65 and older increases because of a decreased population growth rate, wealth inequality measured by the Gini coefficient decreases, reaches a minimum, and then increases. In particular, Panel A of Figure 5 shows that wealth inequality is the same when the share of individuals age 65 and older is 17 percent or 60 percent. Table 2 reports statistics from the model's balanced growth path for three values of n: (n bench ,n 1 ,n 2 ) = (1.015,0.984,0.952). Start with the benchmark economy and contemplate what happens when n is lowered from 1.015 to 0.984. The share of individuals age 65 and older increases from 17 percent to 37 percent. Panel B of Figure 5 shows this by comparing the distribution of the n bench economy (black circles) with that of the n 1 economy (red squares). The lower proportion of young individuals relative to the n bench economy implies a higher stock of capital per worker. There are two reasons for this. First, there is a direct effect: There are fewer workers since the demography changed. Second, there is an equilibrium effect: There is more capital in the economy to finance the consumption of the larger number of retirees. Such a higher stock of capital per worker explains the decrease in the interest rate from 5.0 percent to 4.0 percent. At this rate future consumption is more expensive, so individuals accumulate fewer assets over their lifetimes. Panel C of Figure 5 shows that the asset profile of the n bench economy is above that of the n 1 economy. 1 There are, therefore, two factors affecting the change in wealth inequality between the n bench economy and the n 1 economy: a change in the distribution of assets by age and a change in the age composition of the population. In Figure 3 , the former is represented, albeit in a simplified way, by the change from Panel A to Panel B; I refer to this as the "economic effect." The latter is represented by the change from Panel B to Panel C; I refer to this as the "demographic effect." I follow a procedure used by Greenwood and Seshadri (2002) and Greenwood and Vandenbroucke (2008) to assess the contribution of these two factors. Define the Gini coefficient as a function G(a,p) , where a and p represent vectors of assets and the population share by age, respectively: a ≡ (a j )
Note that the terms X 1 and X 4 measure the effect of a change in a, holding p constant: the economic effect. The difference between X 1 and X 4 is the value at which p is held: the final value, p¢, for X 1 and the initial value, p, for X 4 . Similarly, the terms X 2 and X 3 measure the contribution of a change in p, holding a constant at either its initial or final value: the demographic effect. Summing the two rows of this system and dividing by 2 yields where the economic effect, for example, is the average of the effects of a change in a holding p constant at its initial and final values. Table 3 shows the results of this decomposition as n changes from n bench to n 1 and then from n 1 to n 2 . Consider the change from n bench to n 1 first. The Gini coefficient decreases by 26 percentage points. Table 3 shows that the economic effect tends to raise the Gini coefficient by 14 percentage points, while the demographic effect lowers it by 40 percentage points. The net effect equals the total effect by construction. Why does the economic effect, the change in the asset profile by age, contribute to more inequality? This occurs because the reduction in asset holdings is not uniform across age groups as the interest rate decreases. Figure 6 shows that, from one balanced growth path to the next, individuals with the most asset holdings reduce their holdings relatively less than others. The 20-year-olds, for instance, reduce their asset holdings by 250 percent between the n bench economy and the n 1 economy, while the 60-year-olds reduce theirs by less than 50 percent. Thus, given an age distribution for the population, a reduction in the interest rate results in an increased concentration of wealth, which
contributes to more inequality. On the other hand, the change in the age composition of the population reduces inequality because it reduces the proportion of individuals with the least asset holdings: the young. When comparing the n bench economy with the n 1 economy, this latter effect dominates. Now contemplate a further reduction in n, from n 1 to n 2 . Why does inequality increase? Table 3 reveals that, in contrast to the previous difference between n bench and n 1 , the dominating effect here is the economic effect. To be precise, the economic effect increases the Gini coefficient by 73 percentage points, while the demographic effect lowers it by 47 percentage points. Change in Assets by Age from the n bench to the n 1 Economy NOTE: From one balanced growth path to the next, individuals close to retirement age reduce their holdings relatively less than others.
The Effect of Life Expectancy.
I consider different values for life expectancy, J, holding the population growth rate constant. I use values ranging from 53 to 83-that is, from 10 years below the calibrated economy to 20 years above. As in the previous exercise, I compute a balanced growth path for each value of J.
For this exercise I distinguish two cases. First, I keep the age of retirement constant at its calibrated value, R = 45, as J changes. This implies that the fraction of one's life spent in retirement changes as J changes. When J = 53, for instance, one spends 9 percent (1 -48/53 = 0.09) of one's life in retirement. When J = 63, as in the calibrated economy, this fraction is 24 percent. When J = 83, this fraction is 42 percent. Panels A and B of Figure 7 report these results. 
C. Gini
In a second experiment I consider values of R that change as J changes, such that the fraction of life spent in retirement remains constant at the value implied in the calibrated economy, 24 percent. Panels C and D of Figure 7 report these results. It is worth noting that the age composition of the population is the same regardless of whether R is held constant. It is uniquely determined by n, which remains at its calibrated value, and by J. The message from Figure 7 is that wealth inequality increases as a population grows older because its life expectancy increases. Decomposing the change in the Gini coefficient between the economic effect and the demographic effect, as in the previous exercise, reveals that the economic effect tends to increase wealth inequality, while the demographic effect tends to reduce it (Table 4) . This is true regardless of whether the retirement age is held constant. Remember that the economic effect is the effect on the Gini coefficient of a change in the asset profile by age, holding the age composition constant. It increases inequality because R-old individuals accumulate more wealth when they expect to live longer. Since R is the age at which asset holdings are at their maximum in the first place, an increase in life expectancy results in a concentration of wealth among the richest and thus yields a higher Gini coefficient. The demographic effect measures the effect on the Gini coefficient of a change in the age composition of the population, holding the asset profile by age constant. Since older people tend to be less numerous and tend to hold more wealth than younger people, an increase in the proportion of older people tends to reduce the Gini coefficient. Table 4 shows that the demographic effect tends to be small relative to the economic effect when life expectancy increases.
The results in Figure 7 contrast with those in Figure 5 . To see this more precisely, consider an increase in the proportion of individuals age 65 and older from 17 percent (the calibrated economy) to 25 percent. Panel A of Figure 5 shows that if this increase results from a reduction in the population growth rate, the result is a decrease in wealthy inequality: The Gini coefficient decreases from 0.45 to about 0.32. Panels A and C of Figure 7 show that if this increase in the proportion of individuals age 65 and older results from an increase in life expectancy, inequality increases: The Gini coefficient rises from 0.45 to almost 0.47 (Panel A of Figure 7 ) or more than 0.5 (Panel B of Figure 7) . Two points are worth mentioning at this stage. First, one reason for the different results (as emphasized above) between the two experiments stems from a stronger economic effect in the increased life expectancy experiment than in the lower population growth experiment. Why is that? The main difference is that when life expectancy increases, young individuals reduce their asset holdings so they can hold more when they reach retirement (see Panels B and D of Figure 7) . In contrast, when the population growth rate decreases, individuals of all ages reduce their asset holdings (see Panel C of Figure 5 ). These differences in asset profiles explain the stronger concentration of wealth after an increase in life expectancy. Second, the different results between the two experiments emphasized above do not hold everywhere. Panel A of Figure 5 shows that there are economies in which inequality can increase as the economy's population becomes older following a change in n. Similarly, Panel A of Figure 7 shows that there are economies in which inequality decreases as the age of the population increases following a change in J. Thus, the takeaway lesson from these numerical examples is of a qualitative nature: Assessing the effect of aging on wealth inequality depends critically on the cause of aging.
3.2.3 Optimal Retirement Age. As the previous discussion suggests, the retirement age is an important determinant of the wealth distribution since it is at this age that wealth concentrates. In this section, I consider a version of the model in which the retirement age is optimally chosen. The key questions are these: Does the age of retirement change significantly as the population becomes older? And if yes, then how does this change affect wealth inequality?
Here I modify the model presented earlier (see Section 2) slightly to endogenize retirement. Specifically, I let preferences be represented by (12) The novelty in this formulation is the introduction of a taste for the time spent in retirement: aln(J -R). When a = 0, which corresponds to the original model, an individual would not retire if given the choice since working causes no disutility and retirement entails a loss of income. When a > 0, however, the individual needs to choose his retirement age to balance the cost associated with the loss of income against the utility benefit of a longer retirement.
I calibrate the balanced growth path of this alternative model in the same way described in Section 3.1 with the addition that a must be given a value. I choose a so that the optimal retirement age is R = 48, as in the calibrated model. This implies a = 3.5. All other parameters remain the same as before.
In this alternative model, a change in n, the population growth rate, has very little effect on the results discussed previously since the retirement age changes little. 2 Changes in life expectancy have more noticeable effects on the retirement age. When J = 53, the optimal retirement age is R = 41, while when J = 83, it is R = 62. This implies that the fraction of life spent in retirement varies from 22 percent (when J = 53) to 25 percent (when J = 83). Thus, the results of this experiment with endogenous retirement are very similar to the results in Panels C and D of Figure 7 , where the fraction of life spent in retirement was kept constant at 24 percent. 
CONCLUSION
In this article, I use a simple version of the optimal growth model to assess the effect of demographic changes on wealth inequality. Two forces affect inequality when a population becomes older: First, a demographic effect tends to reduce inequality. As the population grows older, there are relatively fewer young individuals who typically own less wealth. This tends to reduce the Gini coefficient of wealth. A second effect, the economic effect, acts in the opposite direction. As the share of the older population increases, wealth tends to concentrate among those close to retirement. This tends to increase the Gini coefficient on wealth.
I conducted two experiments using a version of the model calibrated to the U.S. economy. When aging increases relative to current U.S. demography, wealth inequality may decrease or increase depending on the causes of aging. When life expectancy increases, the economic effect dominates and inequality tends to increase. In contrast, when the population growth rate decreases, the demographic effect dominates and inequality tends to decrease.
The model used here is a simple version of the optimal growth model. An interesting extension is to augment it with a realistic description of progressive taxation and a social security scheme. I leave this for future research. which equates the marginal cost of saving at age j (left-hand side) to its marginal benefit (righthand side).
